Borna Disease Virus (BDV) is a neurotropic virus, which can cause fatal immune-mediated neurological diseases in numerous species, mainly in horse and sheep, but also in primates and birds. BDV is also debated as the causative agent for psychiatric human disorders such as schizophrenia and depression (Carbone et al., 2001) . BDV is the only known member of the family Bornaviridae and belongs to the order of Mononegavirales, which also includes the highly infectious representatives Influenza virus and Ebola virus. All these viruses are enveloped, with a single-stranded, non-segmented (-)RNA genome that encodes a ssRNA-binding nucleoprotein, termed NP, which is implicated in genome packaging and in RNA transcription and replication.
It is unknown whether BDV-NP, similar to the nucleoproteins from influenza virus, (Kingsbury & Webster, 1969; Pons et al., 1969) , the Sin Nombre virus (Alfadhli et al., 2002) and the dsRNA containing Rota-virus (Jayaram et al., 2002) oligomerizes in solution or upon binding to its nucleic acid substrate. Structural information on viral nucleoproteins is available only for the dsDNAcontaining Rotavirus (Jayaram et al., 2002) but not for any RNA virus. The crystal structure of BDV-NP was undertaken to shed light on the molecular details of the NP functions and to elucidate the RNA-packaging mechanism in BDV. Although biochemical evidence indicates different modes of RNA-packaging within the Mononegavirales order, the structure may serve as a paradigm for RNA-packaging and, in addition, as a framework towards understanding the possible pathogenicity of BDV in humans.
The structure of BDV-NP was determined to 1.76Å using the multiwavelength anomalous diffraction (MAD) method and selenomethionine-modified BDV-NP crystals. The crystals belong to the I4 space group with cell dimensions of a=100.0Å and c=103.2Å, and contain one molecule in the asymmetric unit. A three-wavelength 1.9Å resolution anomalous data set was collected at DESY beamline X31 and an additional data set was collected on beamline X13 on a different crystal. Data from both crystals were used to derive phases. Native data were collected to a resolution of 1.76Å at DESY beamline BW7B. The structure was refined to a free R-value of 18.7%. The model shows good stereochemical statistics with 94% of all residues in the most favoured regions of the Ramachandran plot and no outliers.
The overall structure of the monomer is all a-helical with distinct N-and C-terminal domains (Fig. 1 ). Extensions at both the N-and C-terminus mediate contact with other molecules in the crystal lattice and provide BDV-NP with an extended, S-like shape. Such a non-globular structure would be deemed unstable in solution. A search in the DALI database (Holm & Sander, 1993) with both, the whole model and the individual domains, did not reveal any significant homology to other known structures.
Analysis of the BDV-NP crystal packing revealed the presence of a tetramer centered at the crystallographic fourfold axis (Fig. 1) . This tetramer buries a large amount of surface (14% per monomer) with high complemenarity, leading to the conclusion that the tetramer is of biological significance. By contrast, there are only minor crystal contacts between individual tetramers. Electrostatic potential calculations showed that the interior channel formed by the tetramer is positively charged, thus harbouring a potential binding site for the packaged viral RNA. This is in line with the observation of the inner diameter of the channel being large enough to host a single strand of RNA.
As RNA packaging in BDV occurs in the nucleus of infected cells, the BDV-NP has to traverse the nuclear membrane in order to fulfil its function. In the present crystal structure the N-terminallylocated nuclear localisation sequence (NLS) is not visible in the electron density, suggesting a high degree of flexibility. This indicates that a whole tetramer may get transported into the nucleus without need for prior disassembly and reassembly. By contrast, the binding site for another BDV protein (p23, phosphoprotein) is not accessible in the tetramer. BDV-NP/p23 complex formation is essential for replication of the viral RNA genome and, thus, probably requires the disassembly of the BDV-NP tetramer. It may therefore be assumed, that BDV exists in different biologically active conformations dependent on its function in either RNA-packaging or RNA-replication. 
